In the standardization of Kahn antigen, a lipid extract is occasionally encountered which, on being mixed with salt solution, results in an antigen suspension containing non-dispersible lipid aggregates. Such a suspension obviously cannot be used in a flocculation test for syphilis, because, when it is mixed with non-syphilitic serum, instead of the result being total freedom from particles in the serum-suspension mixture, the presence of these non-dispersible aggregates is bound to be confused with floccules of a syphilitic reaction.
In the standardization of Kahn antigen, a lipid extract is occasionally encountered which, on being mixed with salt solution, results in an antigen suspension containing non-dispersible lipid aggregates. Such a suspension obviously cannot be used in a flocculation test for syphilis, because, when it is mixed with non-syphilitic serum, instead of the result being total freedom from particles in the serum-suspension mixture, the presence of these non-dispersible aggregates is bound to be confused with floccules of a syphilitic reaction.
Indications are that the non-dispersibility of these aggregates in the antigen-salt solution suspension is due to a disproportionate amount of lecithin to cardiolipin or a cardiolipin-like substance contained in the lipid extract. The term "cardiolipin", being a familiar one, will be used in this article instead of "cardiolipin-like substance". Briefly, it is assumed that Kahn antigen contains lecithin, cardiolipin, cholesterol, and additional lipids of undetermined nature. When the antigen is mixed with salt solution, the cardiolipin in the antigen tends to render the antigen suspension aggregates nondispersible, while the lecithin in the antigen tends to disperse them. When cardiolipin and lecithin are in proper equilibrium, a desirable antigen results, and the aggregates are in an optimum state for dispersion in additional salt solution or in serum. When one or the other lipids is in excess, the antigen requires appropriate correction.
That cardiolipin and lecithin play a major role in Kahn antigen can be judged from the fact that this antigen and cardiolipin-lecithin-cholesterol antigen behave with close similarity in the Kahn technique (Kahn, 1950) . The Kahn antigen, in relation to the other lipids present, are under study in this laboratory. Thus far, Kahn antigen has yielded lecithin and a cardiolipin-like substance qualitatively, by purification of barium and cadmium precipitates, according to Pangborn's methods (Pangborn, 1945 (Pangborn, , 1951 . (Kahn, 1951 (Wheeler, Brandon, and Kahn, 1947 In the present article, that property of lecithin which changes non-dispersible to dispersible suspensions is stressed because it offers a means for the standardization of antigens which, on preparation, show non-dispersible aggregates in the suspensions and, as indicated, would be unfit for use.
Use of Concentrated Lecithin in Standardization of
Kahn Antigen The lecithin solutions were prepared from egg yolk according to Pangborn's procedure (Pangborn, 1951) , with the exception that, after the last step in the purification, the ether-acetone solution of the lecithin was dried in vacuo. A concentrated solution was then prepared by the addition of 2 ml. absolute ethyl alcohol per g. lecithin. To each lecithin solution was then added 0 6 per cent. ash-free cholesterol. It should be mentioned that the concentrated lecithin solutions were of a yellowish colour, although in high dilution this colour is not noted.
The following Tables were taken from the antigen standardization records of this laboratory. Table II  gives It is evident from the Table that, without the addition of lecithin, the antigen gives no titre. The Occasionally, in titrating a newly-prepared antigen with salt solution, a "titration zone" will be noted. Such a zone is illustrated under Titration 1 in Table IV . In that titration, a suspension prepared by mixing 1 ml. antigen with 1-4 ml. salt solution, contains dispersible lipid aggregates, and on the surface it might seem suitable as a titre for trial use with serum. However, when 1 ml. antigen is mixed either with 0-1 ml. more or 0-1 ml. less of salt solution (actually, with 1 -3 or 1 5 ml. salt solution) the resulting suspensions contain non-dispersible aggregates and are not suitable for trial use. Therefore, the use of 1 4 ml. salt solution would result in a suspension having too narrow a zone for a titre. On the addition of 0' 3 per cent. of lecithin to such an antigen, a "sloping" titration picture is obtained, with a titre of 1 ml. antigen + 1 * 15 ml. salt solution. Yet, the obtaining of a titre did not prove to be the answer to this antigen standardization problem as was shown by the fact that, when tested with syphilitic sera, the antigen proved to be undersensitive compared with standard Kahn antigen (Table V) . It may be that 0 3 per cent. lecithin proved to be a greater amount than was necessary to add to the antigen for correct sensitivity, but because of the correctly sloping titration, it did not seem desirable to change this amount of lecithin. Accordingly, another step was used to increase the sensitivity of the antigen, viz., dilution of the antigen with ethyl alcohol containing 0-6 per cent. cholesterol, to conform to the amount of this lipid contained in the antigen. That step consisted of diluting two test samples of the antigen, 6 and 12 per cent. respectively, with cholesterolized alcohol. It was found that the 12 per cent. diluted sample brought the sensitivity of the antigen to standard requirements. Evidently this dilution did not overcome the lecithin effect on the antigen. Tables VI and VII give yet another illustration of an antigen, originally not fit for use because it gave no titre, which was converted into standard Kahn antigen by the addition of the optimum amount of concentrated lecithin (in this case 0-5 per cent.).
Correction of Antigens that almost meet Standard
Requirements A newly-prepared lipid extract may, to a small degree, prove to be either more or less sensitive than standard Kahn antigen. Such an extract can often This unusual effect of dilution may stem from the reason for the too low or too high sensitivity of the antigen. Thus, if an antigen is under-sensitive primarily because of a relative excess of lecithin in relation to cardiolipin, the reduction of the lecithin by dilution should increase the sensitivity of the antigen. It is true that such dilution also reduces the amount of cardiolipin, which in turn would tend to lower the sensitivity, but apparently the dominant effect of dilution on this type of antigen is the increase in sensitivity resulting from the reduction in the amount of lecithin. However, if the antigen is low in sensitivity primarily because of an insufficient amount of cardiolipin, then any dilution of the antigen with cholesterolized alcohol would only further reduce the sensitivity by reducing the amount of this lipid.
Let us now consider an antigen too high in sensitivity, in which dilution with cholesterolized alcohol reduces the sensitivity. Most likely such an antigen is too rich in cardiolipin, and dilution reduces the amount of this lipid. It is recognized that dilution also tends to reduce the amount of lecithin in the antigen, which should lead to an increase in sensitivity. If, however, the dominant factor in the high sensitivity of the antigen is the high concentration of cardiolipin, the effect of diluting this lipid may be far greater than the effect of diluting the lecithin.
Years ago, in this laboratory, over-sensitive antigens were reduced in sensitivity by increasing the concentration of the lipids of the noncholesterolized extracts. The technique was to evaporate a given fraction of an extract and dissolve the residue in the cholesterolized extract. In such an instance, the reduction in the sensitivity may have been largely due to the increase in the amount of lecithin in the antigen obtained from the evaporated residue. This increased amount of lecithin in the antigen must have masked the accompanying increase in the amount of cardiolipin contained in the evaporated residue.
Another aspect of antigen preparation may be mentioned. Powdered heart muscle that produces Kahn antigen of under-sensitivity may be modified by a simple technique to produce an antigen close to standard requirements. All that is necessary is to extract the powder with ether, according to the usual technique, and then to expose it to air by spreading it out in a thin layer at room temperature. Such exposure may be for from 24 to 72 hours, as determined by trial, after which the extraction with alcohol is carried out. It is possible that this exposure breaks down some of the lecithin or its precursors without affecting the more stable cardiolipin, thus leading to the increase in sensitivity of the extract. Occasionally also, powdered heart muscle, which produces an under-sensitive antigen, has to be aged for a month or more so that it may yield an extract close in sensitivity to standard requirements. It may be that here also we are dealing with a situation in which some lecithin is broken down because of the aging of the powder.
Summary
Certain lipid extracts, prepared according to the Kahn antigen technique, when mixed with salt solution, result in antigen suspensions containing heavy non-dispersible lipid aggregates throughout the antigen titration range. Such extracts, which it had not been possible to correct to Kahn standard antigen because of the persistence of these aggregates, were found to be readily corrected by the addition of a small amount of a concentrated solution of lecithin. The lecithin so modified the extract as to produce, with salt solution, antigen suspensions with the following characteristics:
(1) They contain dispersible aggregates.
(2) They permit a correct antigen titre to be obtained. (3) They give positive flocculation results of standard sensitivity. (4) They give negative flocculation results of correct opalescence. It is believed that the non-dispersible lipid aggregates in antigen suspensions are due to the presence of an excess of cardiolipin or a cardiolipin-like substance in relation to lecithin in the lipid extract. When a known solution of cardiolipin was added to Kahn antigen, dispersible aggregates in the antigen suspensions were changed to non-dispersible aggregates, and these, in turn, were rendered dispersible by the addition to the antigen of a small amount of a concentrated solution of lecithin.
